To determine age-and sex-specific incidence rates of inguinal hernia repairs (IHR) in a well-defined US population and examine trends over time. Background Data: IHR represent a substantial burden to the US healthcare system. An up-to-date appraisal will identify future healthcare needs. Methods: A retrospective review of all IHR performed on adult residents of Olmsted County, MN, from 1989 to 2008 was performed. Cases were ascertained through the Rochester Epidemiology Project, a record linkage system with more than 97% population coverage. Incidence rates were calculated by using incident cases as the numerator and population counts from the census as the denominator. Trends over time were evaluated using Poisson regression. Results: During the study period, a total of 4026 IHR were performed on 3599 unique adults. Incidence rates per 100,000 person-years were greater for men: 368 versus 44 for women, and increased with age: from 194 to 648 in men, and from 28 to 108 in women between 30 and 70 years of age. Initial, unilateral IHR comprised 74% of all IHR types. The lifelong cumulative incidence of an initial, unilateral or a bilateral IHR in adulthood was 42.5% in men and 5.8% in women. Over time (from 1989 to 2008), the incidence of initial, unilateral IHR in men decreased from 474 to 373 (relative reduction, RR = 21%). Bilateral IHR increased from 42 to 71 (relative increase = 70%), contralateral metachronous IHR decreased from 29 to 11 (RR = 62%), and recurrent IHR decreased from 66 to 26 (RR = 61%); for all changes P < 0.001. Conclusions: IHR are common, their incidence varies greatly by age and sex and has decreased substantially over time in Olmsted County, MN.
(IHR) in his lifetime. 1, 2 Nonetheless, there is limited epidemiological evidence emanating from well-defined populations, and most of the commonly quoted rates are either rough estimates or are outdated. [1] [2] [3] Furthermore, little is known about whether the risk of developing an inguinal hernia has increased or decreased over time, and whether the incidence of IHR is changing.
Several interconnected factors that can contribute to or protect from developing an inguinal hernia have changed considerably over time. The American population is aging, 4 and with an increase in life expectancy, a similar increase in the incidence of IHR is expected. On the contrary, the current obesity epidemic 5 can decrease the expected incidence of IHR, as patients who are obese tend to have a lower incidence of IHR. 1, 6 The introduction of mesh-based repairs and minimally invasive techniques for the treatment of inguinal hernias may modify the incidence of IHR, as changes in technique have been shown to influence the operation rate for recurrent hernias. 7 In addition, a modern-day acceptance of the watchful waiting approach to the treatment of inguinal hernias can decrease the expected incidence of IHR. 8 Furthermore, among particular types of hernia repair, changes over time could also be occurring. The increased adoption of laparoscopy for the treatment of inguinal hernias with its inherent ability to treat an asymptomatic contralateral inguinal hernias could increase the incidence of bilateral IHR and decrease the rate of operations for contralateral metachronous inguinal hernias. 9, 10 Because projections of future healthcare burdens, resource allocation, policy-making, and other important health-related decisions are based on epidemiological indices, there is a need for accurate and up-to-date incidence rates. To address this problem, we sought to measure age-and sex-specific incidence rates of IHR in a well-defined US population. In addition, to better understand such a complex interplay of factors affecting the incidence of IHR over time, we sought to examine the trends in the incidence of IHR over the past 2 decades.
METHODS
With prior Institutional Review Board approval, a retrospective review of all IHR performed on adult residents of Olmsted County, MN, from January 1, 1989 to December 31, 2008 was performed.
Study Population
Olmsted County is located in southeastern Minnesota and has a population primarily of northern and central European descent. More than 70% of the population resides in Rochester, the centrally located county seat; the remainder of the county is rural. The local economy is based on farming, health care, and the lighting industry. As of the 2000 US Census, the population of Olmsted County was 127,277: 51% being women, 11% above the age of 65 years, and 90% white. population. 11, 12 The Rochester Epidemiology Project covers and provides access to more than 97% of the population in Olmsted County. We ascertained potential cases of IHR (both primary and recurrent) by searching the Rochester Epidemiology Project electronic diagnostic indexes for Hospital Adaptation of International Classification of Disease Adaptation 13 (55001, 55003, 55004, 55011, 55021, 55101, 55201, 55301, 55211) and International Classification of Diseases, 9th Edition (ICD-9) 14 (550.01, 550.03, 550.11, 550.13, 550.91, 550.93) diagnostic codes, as well as Current Procedural Terminology (CPT) 15 codes (17.11-17.24, 53 .00-53.17) related to an IHR. The records of all patients with at least one of the aforementioned codes indexed during the study period were manually reviewed by the study team using a specifically designed form and by following a manual of instructions. Study data were collected and managed using REDCap electronic data capture tools hosted at a Mayo Clinic. 16 
Diagnostic Classification
We grouped IHR according to the order of occurrence in life (initial vs second or more), laterality (unilateral vs bilateral), and recurrence (recurrent vs nonrecurrent). We also subclassified inguinal hernias according to the location (left or right) and the type of hernia (direct, indirect, femoral, and pantaloon) as described in the operative note. In ambiguous cases, we deferred the classification to the senior author, an experienced hernia surgeon.
Data Analysis
We determined as incident cases all subjects whose record revealed the presence of an IHR between January 1, 1989 and December 31, 2008 while they were county residents. Patients who moved to Olmsted County specifically for the treatment of their hernia were thus excluded. Incidence rates per 100,000 person-years were calculated using the incident cases of hernia repair as the numerator and age-and sex-specific estimates of the population of Olmsted County, MN, as the denominator. The population at risk was estimated using census data from 1980, 1990, and 2000 with simple linear interpolation for intercensal years, separate within sex and 5-year age grouping. The counts for the years 2001 to 2009 were obtained from the US Intercensal Estimates. 17 We did not correct the denominators by removing prevalent cases of IHR because all subjects were considered at risk for a repeat IHR. Incidence rates were directly age-and sex-adjusted to the structure of the 2000 US white population. Trends over time were assessed by fitting Poisson regression models using the SAS procedure GENMOD (dist = Poisson, link = log) and the natural logarithm of the population counts as the offset term. (SAS Institute Inc., Cary, NC). Incident cases were grouped into 4 calendar year intervals (1989-1993, 1994-1998, 1999-2003, and 2004-2008) . Age-specific incidence rates were used to derive cumulative incidence by age 70, 80, and 90 years, as well as for the entire lifetime (assuming no competing cause of death). 18 All hypothesis testing was 2-sided and P-values less than 0.05 were considered statistically significant.
RESULTS

Age-and Sex-Specific Incidence Rates of IHR
During the study period, a total of 4026 IHR were performed on 3599 unique adult residents of Olmsted County, MN, yielding an overall incidence of 200.1 per 100,000 person-years, or 217.1 per 100,000 person-years when age-and sex-adjusted to the structure of the 2000 US white population ( Fig. 1 and Table 1 ). Incidence rates (per 100,000 person-years) varied greatly by sex, age, and clinical type of IHR. For IHR of any type, the incidence in men increased with age, reaching 922.6 for those aged 70 to 79 years old, and later decreasing to 654.3 for those 90 years of age or older. In women, the incidence of IHR of any type increased less noticeably with age, and reached its highest at 148.1 for women in the ninth decade of life ( Fig. 2) . Similar age and sex patterns in incidence rates were also observed when examining different clinical types of IHR (Table 1) .
Incidence rates are presented by location and type of hernia for the cohort of patients with an initial, unilateral IHR event since this represented the largest group (Table 2 ). For men, the incidence of right-sided IHR was greater than that of left-sided IHR, both overall (ratio 1.2:1) and in each age group (except in the 18-29 age group). Right-sided IHR were also more common than left-sided IHR in women (ratio 1.4:1, Fig. 3 ). The type of hernia also varied by age and sex. Indirect inguinal hernia was the most common type of hernia in both men and women at any age; however, femoral hernias were the second most common type of hernia in women but the least common in men ( Fig. 4 ). Overall, the cumulative incidence of an initial, unilateral or a bilateral IHR in adulthood, assuming no competing cause of death, was 18.9% by age 70, 27.7% by age 80, 35.1% by age 90, and 42.5% for the entire lifetime for men. Likewise, the cumulative incidence for women, assuming no competing cause of death, was 1.9% by age 70, 3.1% by age 80, 4.5% by age 90, and 5.8% for the entire lifetime.
Time Trends in the Incidence of IHR
The incidence (rates per 100,000 person-years) of IHR of any type decreased over time. For men, it decreased almost linearly from 474.1 to 372.5 from the year 1989 to 2008 (P < 0.001, Fig. 5 ); the drop was roughly 1.1% per year or a relative reduction (RR) of 21.4% over the 20-year period. For women, the incidence of IHR remained relatively constant the first 15 years and then dropped from 49.1 to 42.1 in the last 5 years of the study (P < 0.001, RR 14.3%, Table 3 ). Initial, unilateral IHR followed similar incidence trends for both men and women, as those by IHR of any type ( Fig. 5 and Table 3 ). However, the incidence of bilateral IHR increased over time, particularly for men, increasing from 42.0 to 71.2 per 100,000 person-years (a relative increase of 70% over the last 20 years, P < 0.001, Fig. 6 ). For men, the rate of contralateral metachronous IHR decreased over time from 28.8 to 11.1 per 100,000 person-years (an RR of 61.5% over the 20 year period, P < 0.001). The rate of operations for recurrent hernias also decreased substantially over time, most notably for men, from 66 to 25.5 per 100,000 person-years (an RR of 61.4% over the 20-year period, P < 0.001).
DISCUSSION
This population-based study of all adults living in Olmsted County, MN, provides an up-to-date and rigorous measure of the incidence of IHR in a well-defined US population. Our study shows that IHR varied greatly by age and sex. The incidence of IHR increased drastically with advancing age in men but increased only gradually in women. Both men and women were more likely to have a right-sided rather than a left-sided IHR. Though indirect inguinal hernias are the most common type of inguinal hernias for both genders, femoral hernias represent the second most common type of inguinal hernias in women but the least common in men. With an overall age-and sex-adjusted incidence rate of 217 per 100,000 person-years, IHR represent a substantial burden to the US healthcare system. If these Olmsted County rates are extrapolated to the total US population (307,006,550 residents as of July 2009), 17 we expect that approximately 666,200 IHR are performed annually in the US.
Based on 1996 statistics from the National Survey of Ambulatory Surgery, Ruktow estimated that 770,000 IHR were performed in the United States in 2003. 2 (5) 16.8 (302) * Data are presented as incidence rates per 100,000 person-years, followed by the number of incident cases in parentheses. †Clinical types of IHR are: 1, initial, unilateral IHR; 2, initial, bilateral IHR; 3, second or more, contralateral IHR; 4, second or more, unilateral recurrent IHR; 5, second or more, unilateral recurrent and contralateral metachronous IHR; 6, second or more, bilateral recurrent IHR. adult men at risk for hernia development, and it was estimated that the National Survey of Ambulatory Surgery survey error rate was in the range of 10%. 2 Additionally, data on hernias repaired on an emergent basis, for a recurrence or the type of hernia (ie, direct or indirect), were not available to the National Survey of Ambulatory Surgery survey. Despite such limitations, the National Survey of Am-bulatory Surgery survey has been the basis on which predictions and resource distribution decisions at the level of policy-making have been made. 2 Additional efforts to establish the magnitude of inguinal hernias include a community survey undertaken in Western Jerusalem from 1969 to 1973, 3 the US First National Health and Nutrition Survey (1971-1975), 1 (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) ). 19 All 3 of these studies showed that the incidence of IHR increases with age, yielding a lifetime prevalence that ranges from 24% to 47% for men. With a lifetime cumulative incidence of 42.5% for men, our study results are consistent with previous reports. 1, 3, 19 Of interest is the decrease in the incidence of IHR for both men and women after 80 years of age seen across all types of IHR. We believe this reflects that fewer individuals in this age group undergo an IHR because of comorbidities that take precedence over an inguinal hernia. In such a case, a watchful waiting approach may seem a more attractive alternative than an IHR. 8 This study shows a substantial decrease in IHR from 1989 to 2008. There are many potential explanations for these findings. First, the fact that the incidence of IHR decreased, despite an everaging population, 4 may reflect an increased adoption of the watchful waiting approach to the treatment of IHR; 8 hence, if less hernias are being repaired and potentially more hernias are being "watched," the incidence would decrease. This seems unlikely given "watchful waiting" became a more publicized option in the year 2006 8 -nearing the end of this study.
and the Oxford Records Linkage Hernia Study
Intuitively, obesity is thought of as a predisposing factor for developing an inguinal hernia (ie, increases intraabdominal pressure); however, recent evidence documents that obese people have a lower incidence of IHR. 7, 8 Strikingly, the effect is reversed when dealing with recurrent hernias, as the risk of developing a recurrent inguinal hernia appears to be increased with obesity. 20 Whether the lower incidence rate of IHR in the obese population represents a true phenomenon or a reflection of (1) obese patients not getting their hernias repaired because of comorbidities or (2) the diagnostic challenge of detecting an inguinal hernia in an obese patient, remains unknown and represents opportunity for further research. Regardless, during the last 2 decades, the prevalence of obesity in our community has increased 5 and could explain, at least in part, the decrease in the incidence of IHR seen in this study.
Strenuous physical activity, because of occupation or type of work, has been also been thought of as a risk factor for developing an inguinal hernia. 21 Consequently, a shift in the workforce, from a more labor-intensive environment (ie, farming, construction) to an office-based industrialized setting, could contribute to the decrease in the incidence of IHR seen in this study. However, studies that have evaluated such an association between strenuous work and the risk of developing an inguinal hernia are inconclusive, with some showing no difference, 1 others an increase in risk, 21 and others a protective effect. 22 Changes in smoking patterns occurring over time could also be contributing to the findings of this study. Smoking, because of its deleterious effects on connective tissue and lung function, has been proposed as a risk factor for inguinal hernias by some; 23 however, it is refuted by others. 1, 21 Regardless, community-wide smoking cessation programs in Olmsted County, 24 the Minnesota Clean Indoor Air Act, 25 and other cultural awareness programs could all be influencing the prevalence of smokers in Olmsted County, MN. Additionally, with increasing healthcare costs, lack of insurance, and ever-changing unemployment rates, access to medical care is not always a priority. Deferring or avoiding surgical repair of an inguinal hernia because of the prohibitive costs or lack of insurance could be associated to our findings, although we have no tangible data to support this. How these potential changes in smoking patterns or economic intricacies interplay with the incidence of IHR represent opportunity for further research in the field.
The management of inguinal hernias has changed substantially over time. 26 In fact, changes in technique have been shown to influence the operation rate for recurrent hernias. 7 Hence, an increased adoption of mesh-based techniques and/or laparoscopic repairs could explain the decrease in the rate for recurrent hernia repairs seen in this study; however, it would not explain the decrease seen in initial IHR. Of interest, the rate of bilateral IHR has increased over the past 2 decades. This phenomenon could be explained by an increased adoption of laparoscopic IHR, 26 as such techniques allow for the detection and repair of asymptomatic contralateral inguinal hernias. Because such "occult" hernias can occur in up to 30% of patients who present clinically with a unilateral inguinal hernia, 27 it is not uncommon to convert a planned unilateral IHR to a bilateral IHR at the time of the operation during laparoscopic IHR. Thus, a downstream effect re-sulting from the increase in bilateral IHR appears to be the decrease in the rate of contralateral metachronous IHR seen over time, likely as a consequence of treating more of these "occult" contralateral inguinal hernias. Such hernias if not detected and repaired at the time of an IHR can become symptomatic in the subsequent years after the initial unilateral IHR and require a second operation (a contralateral metachronous IHR). 10, 28 This study has considerable strengths. A population-based sample avoids referral bias seen in hospital-based convenience samples. The Rochester Epidemiology Project covers the 2 locations where an IHR can be performed in the county (Olmsted Medical Center and Mayo Clinic), minimizing the possibility for coverage error; it includes both academic and community practice patterns and inpatient and outpatient surgery. We acknowledge that there may have been some Olmsted County residents who elected to undergo a hernia repair elsewhere, thus eluding the coverage of the Rochester Epidemiology Project. We believe this is unlikely and of minimal impact, given the facilities and physicians available in the county and the nature of the disease. Another possible weakness is that epidemiological data generated in Olmsted County may not be generalizable to the US population at large: previous reports show that age, sex, and ethnic characteristics of Olmsted County are similar to those of Minnesota and the Upper Midwest. However, Olmsted County is less ethnically diverse than the US population, more highly educated, and wealthier. 12, 29 Additionally, differences in health insurance coverage between Olmsted County and the US population could be influencing the rates of IHR seen in our county. Nonetheless, to our knowledge, this is the most up-to-date and rigorous appraisal of the incidence of IHR in a US population. Our study is the first to provide separate incidence rates in both men and women for different clinical types of IHR, types of hernia, and laterality; such detail will enable better resource allocation and public health research. On the other hand, this appraisal of the incidence of IHR in adults is only half of the picture, and further research should explore the incidence of IHR in children, as their impact on adulthood can be substantial. 30 In addition, we recognize that our study only captures 1 aspect of the inguinal hernia spectrum (ie, patients with an inguinal hernia that had a surgical repair). To better understand the true impact of inguinal hernias, we must characterize and quantify the population of patients who have an inguinal hernia, either knowingly or not, and do not seek surgical repair.
In summary, the data from this study enable us to better understand and quantify the incidence of IHR in our society. This study also provides us with insight into the potential factors that interplay with the incidence of IHR over time. Because inguinal hernias represent a substantial burden to the US healthcare system, an accurate and up-to-date appraisal of the incidence of IHR and its changes over time may facilitate future healthcare need planning and a better study of interventions that aim to decrease the burden of inguinal hernias. 11 .8 (58) * Data are presented as age-adjusted (women, men) or age-and sex-adjusted (total) incidence rates per 100,000 person-years, followed by the number of incident cases in parentheses. Rates are adjusted to the US white adult population in 2000, which included 83,579,000 women and 78,285,000 men.
†Clinical types of IHR are: 1, initial, unilateral IHR (n = 2660); 2, initial, bilateral IHR (n = 498); 3, second or more, contralateral IHR (n = 139); 4, second or more, unilateral recurrent IHR (n = 240); 5, second or more, unilateral recurrent and contralateral metachronous IHR (n = 46); 6, second or more, bilateral recurrent IHR (n = 16).
‡Denominators 
